Urolithiasis is the process of formation of stone in the urinary tract by crystal nucleation, aggregation and retention in the urinary tract. Traditional medicinal plants have been successfully used to overcome urolithiasis. Hence, herbal formulation containing a mixture of plant extracts was prepared and evaluated for the antiurolithiatic activity. This formulation contained alcoholic extracts of fruit of Tribulus terrestris, root of Boerhavia diffusa and leaves of Azadirachta indica . Studies were performed in ethylene glycol-induced urolithiasis model using Cystone as a standard drug. Ethylene glycol increases the level of calcium, oxalate and phosphate which are responsible for urolithiasis. The herbal suspension decreased the level of calcium, oxalate and phosphate significantly at doses of 200 and 300 mg/kg when compared to the negative control group. Creatine, uric acid and urea were also decreased significantly at all dose levels. Histopathology has supported these results. The level of LD 50 was found to be higher than 2000 mg/kg. Therefore, the prepared formulation has appreciable significant antiurolithiatic activity and is safe for use.
INTRODUCTION
Lithiasis is the process of formation of stone and urolithiasis are the solid nonmetallic minerals in the urinary tract [1] . Stones result due to phase change whereby dissolved salts condense into solids because of super saturation [2] . Among several types of kidney stones, the most common are calcium oxalate. The formation of these stones occurs with crystal nucleation, aggregation and retention within urinary tract. If a stone blocks the flow of urine, excruciating pain may result [3] . Herbs have been proved to have significant analgesic activity [4] . Recurrent stone formation is a common part of the medical care of patients with stone disease [5] . Calcium containing stones, especially calcium oxalates and phosphate are the most commonly occurring ones [6] . In Ayurveda, the medicinal use of plants decrease the recurrence rate of urolithiasis without any potential side effects [7] . Surgery, lithotripsy, and local calculus disruption using a high power laser are also used to treat calculi [8] . However, these procedures are expensive and recurrence is quite common, requiring preventive treatment [9] . Phytotherapy can reduce the reoccurrence rate [10] . Antiurolithiatic activity has been studied in plants [11, 12] . Validation of herbal drugs is the requirement of time through the experimental study [13] .
Therefore, herbal suspension was formulated, evaluated and studied for antiurolithiatic activity. It was prepared from fruits of Tribulus terrestris L. (Zygophyllaceae), roots of Boerhavia diffusa Linn. (Nyctaginaceae) and leaves of Azadirachta indica A. Juss (Meliaceae). All plant parts of T . terrestris have antimicrobial and antifungal activity but the activity of fruits was the best one [14] . Its diuretic activity is due to high concentration of potassium salts present in it. It is antiurolithiatic and is reported to inhibit stone formation [15, 16] . It has immunomodulatory [17] , analgesic [18] and anti-inflammatory activities [19] . It also relaxes spasm of smooth muscle [20] . The leaf of B . diffusa has analgesic, anti-inflammatory [21] and antibacterial [22] activities. Inhibition of crystals and defragmentation of some grown crystals was found in in vitro study [23] . A . indica has anti-inflammatory [24] antimicrobial [25] and antiurolithiatic [26] activities.
MATERIALS AND METHODS

Plant material
The fruits of T . terrestris (TT), roots of B . diffusa (BD) and leaves of A. indica (AI) were collected locally and authenticated from the Department of Botany, Janata PG College, A.P.S. University, Rewa (M.P.). The voucher specimen number is JC/B/ PAN/054c-e. They were cleaned, dried in shade and grinded to a coarse powder.
Preparation of herbal suspension (TAB)
The powdered plant material was macerated individually in glass beakers with alcohol for 7 days. It was stirred occasionally. Then it was filtered and concentrated at 78 o C to get the extracts of TT, BD and AI. The extracts were mixed equally (1:1:1), triturated with Tween 80 (5% v/v), sorbitol (1% w/v), potassium sorbate (0.02% w/v), lemon oil (0.01% v/v) and distilled water. A uniformly dispersed suspension TAB was obtained.
Animals
Male Wistar albino rats weighing between 140 to 200 g were taken for the study. They were subjected to standard laboratory conditions with 12 hours light and dark cycle, temperature 25±2°C, relative humidity 60±5% standard pellet diet and water ad libitum. The experiment was approved by the Institutional Animal Ethics Committee (1413/a/11/CPCSEA) as per CPCSEA guidelines (protocol approval No. SBRL/IAEC/2013/04).
Acute toxicity
Acute toxicity studies were done as per OECD guidelines. A dose up to 2000 mg/kg was given to the rats orally. They were observed for any mortality, physiological or behavioural changes.
Antiurolithiatic activity in ethylene glycol-induced urolithiasis
Ethylene glycol-induced hyperoxaluria model was used for the study. Six groups, each of six rats, were taken for the activity. Groups II to VI were given ethylene glycol EG (0.75%) in drinking water for 28 days, to induce renal calculi. The groups were assigned as:
Group 
Collection and analysis of urine
After completion of dosing the animals were transferred to metabolic cages. The urine was collected and estimated for calcium, oxalate and phosphate [29, 30, 31] (tab. 1). 
Collection of blood and serum analysis
The blood samples from rats were collected from retro-orbital puncture. The samples were kept aside for 30 minutes at a room temperature. They were centrifuged at 3000 rpm, 20°C for 15 minutes and analyzed for urea, uric acid and creatinine [32] (tab. 2). The rats were sacrificed, kidneys were removed and used for histopathological examination ( fig. 1 ).
Ta b l e 2
Effect of herbal suspension on serum parameters Histology of sections of kidney for antiurolithiatic activity of TAB
Statistical analysis
All the values are expressed as mean ± standard error of mean (SEM) and analyzed for ANOVA and post-hoc Tukey-Kramer multiple comparisons test by employing statistical software, GraphPad InStat 3. Differences between groups were considered significant at p<0 .05 level.
RESULTS
The results of acute toxicity studies show that no toxicity was observed till the dose of 2000 mg/kg. Hence, LD 50 was considered to be higher than 2000 mg/kg. There was an increase in the excretion of calcium, oxalate and phosphate in all ethylene glycol-treated groups, as compared to normal control animals. The herbal suspension TAB decreased the excretion of calcium, oxalate and phosphate significantly at a dose of 200 and 300 mg/kg when compared to negative control group. The decrease in these levels by TAB 300 mg/kg was found to be similar to that of the standard drug Cystone at p<0 .001 (tab. 1). This reduces the possibility of agglomeration and formation of stone. Creatinine, uric acid and urea were also decreased significantly in all doses of suspension-treated animals (tab. 2). Histology of kidney shows that when comparison of ethylene glycol-treated animals was done with the normal group, the tissues were degenerated, having vacuoles and obstructions. Crystals were seen deposited in the tubule. Cystone and formulation-treated groups had less damage than the negative control group. The regeneration of tissues was also seen much better in these groups ( fig. 1 ).
DISCUSSION AND CONCLUSION
Decrease in urinary output causes supersaturation of urine due to increase in calcium, oxalate and phosphate leading to formation of stones [33, 34] . The increase in urinary phosphorus leads to formation of calcium phosphate crystals [35] . High concentration of oxalates can lead to formation of calcium oxalate [12] . Ethylene glycol disturbs oxalate metabolism. The presence of polymorphic irregular crystal inside the tubules causes dilatation of the proximal tubules along with interstitial inflammation. This might be due to oxalate [36] . Usually patients with urolithiasis suffer from pain, therefore, plants having analgesic, antiurolithiatic and diuretic activity were chosen. T . terrestris extract has a potential to inhibit nucleation and growth of the CaOx crystals [37] . When compared to ethylene glycol-treated negative control group, the polyherbal suspension TAB reduced urinary calcium, oxalate, phosphate, creatine, uric acid and urea resulting in antiurolithiatic effect (tab. 1-2). It prevents supersaturation and formation of stones. Thus, it can be concluded that the prepared polyherbal suspension can be used as a safe and effective antiurolithiatic formulation. It can be a boon to people suffering from lithiasis.
